The assessment of pain experienced by the patient requiring mechanical ventilation can be a challenge for critical care nurses. This study was conducted to assess the reliability and validity of two pain behavior assessment tools. Patients who met the inclusion criteria were enrolled from 13 critical care units and one long-term acute care unit within eight hospitals. A total of 200 patients were assessed over an 8-week period. The findings suggest that both tools have adequate reliability and validity. Use of a pain behavior tool is one strategy to improve assessment of pain experienced by the mechanically ventilated adult patient who is unable to provide a self-report.
Pain management is a standard of nursing care endorsed by professional nursing organizations and health care regulatory agencies. [1] [2] [3] Optimal pain management is based on an accurate and thorough assessment, which includes pain intensity. Ideally, pain intensity is reported by the patient with the use of a numerical rating scale at specified time intervals. 2 Pain is experienced by critically ill patients regardless of surgical or medical diagnosis [4] [5] [6] ; yet, assessment of pain in this patient population can be a challenge. Critically ill patients are often unable to report pain intensity because of altered mental status related to physiological effects of their illness or use of sedation medi-cations. Recommendations for pain assessment in patients unable to provide a subjective report of pain intensity include the observation of pain-related behaviors. 1, 7, 8 The utilization of physiological indicators to identify presence of pain has been recommended in the past. 2 Yet, there are reports that advise against relying on physiological indicators in critically ill patients because blood pressure, heart rate, and respiratory rate may be influenced by disease process or medications required for treatment. 1, 9, 10 Several pain behavior assessment tools have been developed for use with the critically ill adult and have been tested for validity and reliability. [9] [10] [11] [12] [13] [14] [15] [16] The studies have included small numbers of primarily surgical critically ill subjects. In a study of 59 burn trauma patients, Odher and colleagues 12 determined reliability and validity of the Non-Verbal Pain Scale (NVPS) compared with select components (face, legs, and total score) of the face, legs, activity, cry, consolability (FLACC) tool. The FLACC tool was developed to assess pain for the pediatric population 17 and has been used to assess pain in the nonverbal adult critically ill population. 16 The FLACC tool was not intended to be used for the adult population. The Bcry[ component is impossible to assess in the ventilated patient, and the Bconsolability[ element is difficult to assess for the patient with a decreased level of consciousness. The original NVPS included 5 subscales that included face, activity, guarding, physiological I (which included vital signs), and physiological II (which included skin and pupil changes). 12 The physiological II component showed the weakest influence on the total score; therefore, this component of the NVPS was revised to include a respiratory component, which assesses respiratory rate, pulse oximetry, and synchrony with the ventilator. 18 Kabes and colleagues 15 demonstrated that the revised NVPS had interrater reliability and internal consistency during and after turning in a study of 64 trauma and surgical patients.
The Behavioral Pain Scale (BPS) was developed for the assessment of pain behaviors in the adult, mechanically ventilated patient. It was shown to differentiate patient response to nonnoxious and noxious stimuli in a study of 30 sedated, mechanically ventilated patients with surgical diagnoses. 11 Aissaoui and colleagues 9 demonstrated that the BPS had high interrater reliability, satisfactory internal consistency and validity, and excellent responsiveness in a study of 38 patients with medical diagnoses. Young and colleagues 10 assessed 44 unconscious ventilated patients with the BPS during a painful stimulus (repositioning) and during a nonpainful stimulus (eye care). The increase in BPS score was statistically significant for repositioning (P G .003) but not for eye care (P 9 .3).
The BPS was developed for the assessment of pain behaviors in the adult, mechanically ventilated patient.
The Critical-Care Pain Observation Tool (CPOT) was designed for use with both the intubated and the nonintubated patient and assesses 4 behavior indicators: (1) facial expression, (2) body movements, (3) muscle tension, and (4) compliance with the ventilator if intubated or vocalization if the patient is not intubated. The score ranges from 0 (no pain behaviors) to 8 (maximum pain behaviors). 13 The CPOT was shown to have interrater reliability, discriminant validity, and criterion validity in a study of 105 cardiac surgery patients. 13 A later study 14 demonstrated validity and reliability of the CPOT in 30 conscious and 25 unconscious patients. Physiological indicators were included in study data collection and were shown to have a lower correlation to patient self-reports of pain than behavioral indicators for patients able to provide a self-report.
Ideally, a pain behavior instrument used for assessment of pain intensity would be compared with the criterion standard of pain intensity assessment: the patient's self-report. Such a comparison is not possible when used for subjects unable to provide a self-report at any time during mechanical ventilation therapy. The objective of this study was to measure the reliability and validity of 2 pain behavior instruments for assessment of pain of the adult mechanically ventilated patient by answering the following questions:
1. Do the BPS and NVPS pain behavior tools demonstrate internal consistency? 2. Can staff nurse data collectors use the tools as reliably as nurse investigators? 3. Does each pain assessment tool score change when a painful stimulus experienced by the patient is observed by the nurse? 4. Is there a correlation between scores of 2 pain tools?
METHODS

Design
This methodological study expanded upon a pilot study conducted in 2006 in the Surgical and Neuro-Intensive Care Unit of one of the system hospitals. The BPS was chosen for the pilot study because after a literature review it appeared to have been the most studied behavioral pain tool used for the critically ill, adult ventilated patient and required assessment of only 3 parameters: face, upper limbs, and ventilation. The NVPS was chosen for the pilot study because it was developed by nurses and differed from the BPS in that it included physiological assessments. In the pilot study, patients were assessed for pain only at rest, all patients had surgical or trauma diagnoses, and all were receiving continuous infusions of sedative and/or opiate drugs. Significant correlation between 2 nurse users was found for each tool. 19 This current study expanded upon the pilot by including pain assessments of critically ill medical and surgical patients in multiple intensive care units (ICUs) conducted simultaneously by 2 nurses when the patients were both at rest and after a simulated painful stimulus. The painful stimulus chosen was a manual patient turn to one side, identified as a painful procedure in the studied population. 20 
Setting and Subjects
Thirteen critical care units and a long-term acute care (LTAC) unit from 8 Midwestern hospitals of an integrated health care system participated in the study. The 13 critical care units included 3 medical ICUs, 6 surgical ICUs, and 4 medical-surgical ICUs. Four of the 8 hospitals are level I trauma centers, and 1 hospital is a level II trauma center. Subjects from the one LTAC unit (n = 10) were mechanically ventilated patients with acuity levels too great for nursing home or home care, yet no longer required the degree of care provided in a critical care unit. The study was planned and coordinated by a systemwide critical care education council. The health care system institutional review board approved the study with exempt status because the study intervention (assessment of pain) was considered standard patient care and because treatment was not initiated or modified based on the tool scores.
Sample size was determined based on anticipated subgroup comparisons for medical and surgical patients with a range of Motor Activity Assessment Scale (MAAS) score from 2 to 4. A sample size of 84 patients was needed for each group of medical and surgical patients for analysis of variance for 2 levels and 6 factors using a 2-tailed test for a moderate effect size of 0.30 and an ! of .01 to account for multiple comparisons. To allow for equal participation from each site and to account for missing or incomplete data, a sample of 120 medical patients and 130 surgical patients was projected to yield more than 900 pain assessment observations.
To be observed in the study, subjects met the following inclusion criteria: (1) age older than 18 years, (2) admission to a medical or surgical ICU or the one LTAC unit, (3) presence of mechanical ventilation, (4) presence of an analgesic or sedation order, and (5) a MAAS score of 2, 3, or 4. The MAAS scale is a validated tool 21 that assesses levels of sedation/agitation. Patients with a MAAS score of 0, 1, 5, or 6 were excluded to avoid situations of extreme sedation or agitation. Other exclusion criteria included those patients (1) receiving neuromuscular blockade, (2) unable to be manually turned side to side, or (3) able to provide a self-assessment of pain using numeric or face scales. Subjects who met the inclusion criteria could be assessed a maximum of 2 times during the study, but could not be assessed on the same shift. This limitation increased the variability of the subject pool and decreased the number of subjects with repeated observations as-sessed using the tools and allowed for study completion within a reasonable time frame.
Pain Behavior Tools
The study used 2 pain behavior tools, the BPS and the revised NVPS. The BPS 9-11 includes 3 subscales: (1) facial expression, (2) upper limb movement, and (3) compliance with ventilation, and each of the 3 subscales has 4 assessment categories. Facial expression may be assessed from Brelaxed[ (score = 1) to Bgrimacing (score = 4). Upper limbs may be assessed from Bno movement[ (score = 1) to permanently retracted[ (score = 4). Compliance with ventilation may be assessed from Btolerating movement (score = 1) to Bunable to control ventilation[ (score = 4). The assessed score ranges from 3 (no pain behaviors) to 12 (maximum pain behaviors).
The revised NVPS 12,15,18 includes 5 subscales (face, activity, guarding, physiology I, and respiratory), and each of the 5 subscales has 3 assessment categories. Face is assessed as Bno particular expression or smile[ (score = 0) to Bfrequent grimace, tearing, frowning, wrinkled forehead[ (score = 2). Activity is assessed as Blying quietly, normal position[ (score = 0) to Brestless, excessive activity and/or withdrawal reflexes[ (score = 2). Guarding is assessed as Blying quietly[ (score = 0) to Brigid, stiff[ (score = 2). Vital signs are assessed as Bstable vital signs[ (score = 0) to Bsystolic blood pressure increase by 30 mm Hg or heart rate increase greater than 25 per minute[ (score = 2). Respiratory is assessed as Bbaseline respiratory rate and oxygen saturation, synchronous with ventilator[ (score = 0) to Brespiratory rate greater than 20 above baseline or oxygen saturation 10% below baseline or severe asynchrony with ventilator[ (score = 2). The assessed NVPS score ranges from 0 (no evidence of pain) to 10 (maximum pain).
Study Preparation
One month prior to the start of data collection, the principal investigator reviewed the study protocol with 1 nurse investigator from each unit who would participate in each patient assessment, ensure study protocol was followed, and provide identical education to unit staff nurses who would participate in the study. Demonstration of the use of each pain assessment tool and scoring was included as part of the training for the unit nurse investigator. Staff nurses from each of the 14 patient care units who agreed to participate in data collection attended a 1-hour education session during the 2-week period prior to the start of the study. Not all staff nurses (n = 278) who attended the training participated as data collectors; however, nurses who acted as data collectors in the study had to complete one of the education sessions. One study envelope was prepared for each subject assessment that included the 2 assessment tools, a copy of the MAAS scale, and a demographic data sheet. The principal investigator used a table of random numbers to determine which of the 2 tools should be used first in each assessment, and the instruments were labeled accordingly to prevent preference bias of nurse investigators or staff nurses.
One study envelope was prepared for each subject assessment.
Data Collection
On the first scheduled data collection date, the nurse investigator of each unit assessed patients for inclusion criteria. Nurse investigators and staff nurses who had attended the study education session collaborated to ensure the patient met study inclusion criteria. The nurse investigator and staff nurse independently and simultaneously assessed the patient at rest using both pain tools. After the pair of observers completed the patient assessment at rest using both tools, the patient was repositioned on his/her side (to simulate a painful stimulus), and the assessment process was repeated. Each subject observation resulted in 4 assessments by each nurse (BPS at rest, NVPS at rest, BPS after the turn, and NVPS after the turn), for a total of 8 assessments per subject. Demographic data collected for each patient included (1) date and time of observation, (2) subject code number, (3) nurse investigator identification number, (4) patient age, (5) sex, (6) primary diagnosis, (7) date of intubation, (8) MAAS score, and (9) details related to sedation and analgesic medications. The nurse investigator reviewed the demographic sheet for completion, placed it in the sealed envelope, and stored in a secure location until the time of data entry. Data collection was performed over 8 weeks during the summer of 2008 until each unit completed the predetermined number of assessments.
Data Analysis
Data were analyzed using SPSS version 16.0. 22 The data were not normally distributed, so where appropriate, nonparametric tests were used for analysis. Tests were completed on the sample (n = 242) and on subsets for medical (n = 124) and surgical subjects (n = 115) separately. Reliability was determined by testing for internal consistency and interrater reliability. Internal consistency of each tool was tested separately using Cronbach !; a Cronbach ! of .70 is considered an adequate estimate of internal consistency. 23 Interrater reliability was analyzed using intraclass correlation coefficient (ICC) with a 1-way random-effects model because the raters could not be associated with a particular subject, and there were different raters. Using this model, there is no way to separate a rater effect. Staff nurse raters were selected based on who was caring for the particular patient, and the raters were not identified in the data collection for this study. 24 Interrater reliability should be greater than 0.60 and ideally greater than 0.80. 25 For observer-based scales, reliability can be dependent on the adequacy of observer training. 26 Reliability tests for each tool were analyzed using the sum score assessed after the turn because these scores yielded more variability and robustness for analysis. Cronbach ! was tested with scores measured by the nurse investigators, and ICC was tested with scores measured by the nurse investigators and staff nurses.
Discriminant validity of the 2 instruments was tested by comparison of scores of each patient at rest and after a turn using the Wilcoxon signed rank test. If the tools can be used to discriminate a painful stimulus, the scores should increase from baseline to after the turn.
Convergent validity of the 2 instruments was tested using Spearman > correlation. Because each tool is theoretically testing the same measure, the scores should correlate with each other. The closer the correlation is to 1.0, the stronger the correlation between scores. A Bland-Altman plot 27 was also used to evaluate the agreement between the 2 measures. The difference of the paired 2 measurements, in this study, the difference of the sum score, was plotted against the mean of the sum score. An evaluation of the plot should yield 95% of the data points within 2 SDs. 28 
RESULTS
A total of 249 subject assessments were completed in 14 patient care units. Seven subjects' data were removed because of having 2 data collections of the same patient during a single shift. Analyses were completed on assessment data of 968 assessments, 242 assessments each for nurse investigator and staff, at rest and after the turn. The assessments were conducted on 200 unique subjects, because 42 subjects were assessed 2 times at a minimum of 8-hour intervals. Demographic data are summarized in Table 1 . The mean age of subjects was 64 years, and 52% of the sample was male. Slightly more of the subjects had a primary medical diagnosis (52%) compared with a surgical diagnosis (48%), and the most common diagnoses overall were trauma (19%), cardiovascular surgery (15%), infection/sepsis (15%), and respiratory failure (14.5%). Fifty-eight per cent of subjects (n = 116; 58%) received a continuous intravenous medication for sedation or pain during the observations. Of these 116 patients, 69% received only a sedation agent, 11% received only an analgesic agent, and 20% received both a sedative and analgesic drip. Two subjects were receiving epidural analgesia during the observations.
Reliability
Overall, the Cronbach ! of the BPS was .70, and that of the NVPS was .75. When tested on the subset of surgical patients, the Cronbach ! of the BPS was .77, and that of NVPS was .80. On the subset of medical patients, the Cronbach ! of the BPS was .60, and that of NVPS was .65.
The ICC comparison of assessment scores measured by the nurse investigator and the staff nurse after the turn was 0.68 for the BPS and 0.70 for the NVPS. The ICC was lower for the sample when scores were measured at rest, 0.58 for the BPS and 0.62 for the NVPS. Intraclass correlation coefficients tested for the subgroup of surgical subjects after the turn were BPS 0.73 and NVPS 0.76. The ICC for the subgroup of medical subjects after the turn was BPS 0.58 and NVPS 0.60. See Table 2 for the complete results of interrater reliability.
Validity
Overall, the pain scores were low, even with the simulated painful stimulus (turn), although the SD does suggest that there was variability in the scores. The scores for the surgical patients were higher than the scores for the medical patients, but not statistically significantly different. The mean BPS score at rest was 3.73, and after the turn was 5.41 (range, 3 = no pain to 12 = maximum pain). The mean NVPS score at rest was 0.88, and after the turn was 3.07 (range, 0 = no pain to 10 = maximum pain). Both tools showed a significant change in pain score from baseline (at rest) compared with after the turn (BPS, Z = j11.125, P = .000; and NVPS, Z = j11.425, P = .000) for the complete sample. Additional tests to compare change in scores for each sample of medical and surgical subjects showed a significant change for each tool. See Table 3 for the pain score results for the study sample.
Spearman > correlation between the BPS and NVPS at rest was 0.69, and after the turn was 0.77 for nurse investigator scores. See Table 4 for a summary of staff nurse and nurse investigator scores. The Bland-Altman plots for measures at rest and after the turn are depicted in Figures 1 and 2 . In both figures, 95% of the points lie with the limits of 2 SD.
DISCUSSION
This multicenter study examined 2 pain behavior tools (BPS and NVPS) for the assessment of pain of 200 subjects Assessment of Pain in the Ventilated Adult Patient receiving mechanical ventilation who were unable to provide a self-report. Overall measurement of reliability (internal consistency and ICC) of each tool was acceptable, although for the subset of medical subjects, internal consistency (BPS = 0.60 and NVPS = 0.65) was less than for the subset of surgical subjects (BPS = 0.77 and NVPS = 0.80). The ICC scores were more robust for the surgical subjects (0.73 for BPS and 0.75 for NVPS after the turn) than the medical subjects (0.58 BPS and 0.60 NVPS after the turn). The less robust measures of reliability of both tools when used for patients with medical diagnoses may be due to the fact that there was greater participation of nurses from medical units than from surgical or medicalsurgical units (147 medical nurses vs 79 surgical nurses and 52 medical-surgical nurses). The lower number of surgical nurses may have resulted in surgical nurses using the tool more than the medical nurses. Or, despite efforts to standardize education, the need to provide training to a greater number of medical nurses may have influenced the training they received. Another explanation for the higher internal consistency and ICC scores for the surgical population was that surgical patients may have been easier to score because of greater pain behaviors. Or possibly, surgical nurses may be more in tune to pain behaviors than medical nurses. Previous studies of the BPS 9,10 demonstrated validity and reliability for critically ill patients with medical diagnoses. In the study of Aissaoui and colleagues, 9 there were 12 physician and 16 nurse observers, and in the study of Young and colleagues, 10 there was 1 nurse researcher observer as well as a number of staff nurse observers, not specified, although a total of 44 patient assessments were completed. There was a significant change in score after the painful stimulus for both instruments, although the scores were low even after the painful stimulus. Scores for the surgical patients were higher than the scores for the medical patients, but interestingly, they were not statistically significantly different. Low BPS scores were also seen in the study of Payen and colleagues, 11 with the majority of patients having a pain score of 3 (no pain behavior) at rest and 82% of their observations were around the 3-to 6-point range. Aissaoui and colleagues 9 reported an average BPS score at rest of 3.9 and of 6.8 with painful procedures. Young and colleagues 10 reported an average BPS of 3.4 before repositioning and 5.0 after repositioning. Gelinas and colleagues 13 reported low scores in a study of the CPOT, with a score of less than 1 at rest and an average of 3 with a turning procedure (0-to 10-point scale). Less information is available related to NVPS scores. The low scores of our study may be expected because a majority of patients (69%) had a MAAS score of 2 (responsive to touch or name), 58% were receiving a continuous sedation or analgesic drip, and all patients had an order for PRN sedation or analgesia. Scores would perhaps be higher if the instrument were available for pain assessment prior to initiation of analgesia or sedation.
Scores for the surgical patients were higher than the scores for the medical patients, but interestingly, they were not statistically significantly different.
The behavior score that should be treated, or for how long the behaviors assessed should be present before treating, has not been determined. Chanques and colleagues 29 defined a Bpain event[ as a BPS score of greater than 5 or a numerical rating score of greater than 3. The decision to choose a BPS score of greater than 5 as treatable was not explained. Pain behavior scores should not be equated mathematically with the 0-to 10-point patient-reported numerical score, nor should it be assumed that an increase in a BPS score from 4 to 6 is twice as bad as an increase from 3 to 4.
There was a correlation between scores of the BPS and NVPS, but nurse investigator score correlations were stronger than those of the staff nurse data collectors. This finding may be explained by the nurse investigators' increased use of each instrument than that of the staff nurse data collectors. The ICC scores and measurements comparing BPS and NVPS scores for subjects after the turn were more robust than at rest for both surgical and medical patients. This increase in scores with the patient turn may be expected because the instruments are designed to assess pain behaviors, and these behaviors are most likely present with a pain stimulus (turn) than at rest. The lower ICC scores at rest and the lower correlation of BPS and NVPS scores at rest may call into question the usefulness of pain behavior tools with the resting subject. Likewise, patients able to self-report pain intensity with a numerical rating scale would most likely report a higher score during a turn than at rest.
Study Limitations
Limitations of the study include the large number of staff nurse data collectors, especially from medical units, which may have resulted in their limited use of each instrument. Nurse investigators were identified, but staff nurse data collectors were not identified or tracked; therefore, the number of assessments staff had performed could not be determined. Additionally, the larger numbers of staff who attended the education from medical units may have affected the education they received despite provision of a standardized education plan. Variability of education could have contributed to the less robust data obtained for the medical subjects because reliability for observerbased scales can be dependent on the adequacy of observer training. 26 The study excluded subjects with extremes of agitation or sedation, as well as those unable to be turned or those receiving neuromuscular-blocking agents. Therefore, findings may not be applicable to these populations. Pain behavior scores were not correlated with the type of sedation/analgesia in use at the time of the assessment, and the large number of subjects (69%) with greater level of sedation (MAAS of 2) may have blunted demonstration of pain behaviors. High doses or prolonged use of sedation agents may be an inherent disadvantage of pain behavior tools used for the assessment of patient pain intensity. Lastly, the length of time the staff data collector had cared for the patient might have influenced the pain score, but these data were not collected.
Study Strengths
The large sample size and diverse sample of subjects with both medical and surgical diagnoses are strengths of the study. The large number of staff nurses included in the study may have resulted in less frequent use of the instruments, yet staff scores were acceptable in the presence of the painful stimulus (turn). The study design avoided analysis on repeated observations within subjects, which contributes to raising the common variance and ICC, leading to higher results. 30 The BPS and NVPS were not compared with the criterion standard of pain intensity assessment, the patient report of pain intensity, because only patients unable to provide a numerical score were included in the study. Although criterion validity could not be measured, the tools were tested on patients for whom they are intended to be used.
Further study is needed of the use of pain behavior tools for subjects prior to initiation of sedating drugs and to evaluate how the instruments may be used to make decisions related to treatment/reevaluation of pain. Consideration for how the use of pain behavior tools may be used in conjunction with sedation/agitation tools already in use, such as the MAAS, also needs to be studied.
CONCLUSION
Results demonstrated overall adequate validity and reliability of 2 pain behavior tools used to assess pain intensity of select patients requiring mechanical ventilation. Data were more robust in this study for subjects with trauma/surgical diagnoses than medical diagnoses. Similar to a subjective report of pain using a numerical rating scale, scores obtained with the use of a pain behavior tool reflect only the intensity of pain. Use of a pain behavior tool is one strategy to improve assessment of pain experienced by the ventilated adult patient who is unable to provide a self-assessment.
